Mulliken population analysis with 2p polarization functions included in the AO basis set of the INDO method has been performed for a set of molecules containing hydrogen as well as first row atoms. It is found that this enlargement of the basis set yields an increasing electron population in hydrogen atoms, in agreement with trends found in "ab initio" methods.
Introduction
The importance of including polarization functions in the basis set of ab initio MO calculations has received a good deal of attention during the last few years [1] [2] [3] [4] [5] [6] [7] [8] . However, little work has been reported on the influence of the inclusion of polarization functions in the basis set of semiempirical methods. The only papers dealing with semiempirical methods that the authors are aware of are, on the one hand, those [9] [10] [11] [12] in which polarization functions are included in the CNDO/2 [13] basis set to calculate electrical polarizabilities, and, on the orther hand, their own previous work [14] where hydrogen 2p polarization functions were included in the INDO [13] basis set in order to study their influence on the Fermi contact term of spin-spin coupling constants.
In the present paper the same INDO version of the previous work [14] has been used to perform population analysis in a set of molecules containing hydrogen as well as some of the first row atoms carbon, oxygen, nitrogen and/or fluorine.
Method
The CNINDO program [15] has been modified as indicated previously [14] to include hydrogen 2p atomic orbitals in the basis set. Semiempirical hydrogen 2p parameters were estimated according to the Slater rules [16] , except the Slater exponent for which the value of Salez et al. [3] has been chosen. All other parameters were left unchanged. Population analysis has been carried out following Mulliken's formalism [17] . Results are compared with those obtained using ab initio as well as standard semiempirical methods. When available, these values were taken from the literature. Otherwise, the semiempirical ones were also calculated. In all cases geometrical structures were taken from the Pople and Gordon model [18] . Calculations were performed at the data processing center of the University of Buenos Aires ("Centro de Computos en Salud") using an IBM 360/50 system.
Results
In Table 1 our population analysis, for some simple hydrocarbons, calculated within the INDO approximation with hydrogen 2p polarization functions (hereafter INDO/p method), is compared with those obtained by the following methods: CNDO/2, INDO [13] , ab initio STO-3G [19] and ab initio with extended basis sets [20] [21] [22] . All these results predict an increase in electron population in hydrogen atoms in the series C2H2, C2H4, C2H6. However, only the CNDO/2 methods yields the same polarity C( -) -H( + ) predicted by ab initio calculations. In all these hydrocarbons, except methane, hydrogen polarization functions increase the electron population in the hydrogen atoms. This trend was also observed by Teixeira-Dias and Murell [11] when including these polarization functions in the CNDO/2 basis set.
Net charges and the dipole moment in hydrogen fluoride are displayed in Table 2 . All methods give the same bond polarity. The INDO/p electron charge on the H center is greater than that of INDO, 0340-4811 I 80 / 1200-1350 $ 01.00/0. -Please order a reprint rather than making your own copy. I: ab initio calculations with extended basis set. a taken from [20] . b taken from [21] . c taken from [22] . d taken from [19] .
lowering somewhat the dipolar moment, which comes to a better agreement with the experimental value. This trend is the same as that obtained when hydrogen polarization functions are introduceded in ab initio calculations [23] of the hydrogen fluoride dipole moment.
Results from the analysis in the isoelectronic series CH4, NH3 and CH2 are shown in Table 3 . Again, when including hydrogen polarization functions, ab initio and INDO methods display a similar behaviour, except in methane, in that they increase the hydrogen electron charge. However in methane the INDO net charge is of opposite sign and therefore it could be thought of as being rather unrealistic. It is interesting to observe that INDO/p values agree better with those obtained using an ab initio method with a (7,3/4,1) Gaussian basis set, [8] which includes polarization functions, than the INDO results, with the ab initio values obtained with a (7,3/4) Gaussian basis set [8] . It is also noteworthy that these trends for the water molecule are in agreement with those reported in Reference Table 4 . It should be pointed out that in A, TC and total net atomic charges in pyridine acthe previous paper [14] it was found that the incording to different semiempirical and "ab initio" elusion of hydrogen 2p orbitals in pyridine has The magnification of the back donation effect of electronegative groups when these polarization functions are included, is shown in Table 5 , where n charge distributions in fluoroacetylene, formaldehyde and cyanhydric acid are presented as examples. This back donation effect diminishes the dipolar moments as it may also be observed for hydrogen fluoride in Table 2 .
Conclusions
To increase the atomic orbitals basis set to include hydrogen polarization functions has a similar influence on the semiempirical INDO method as others with an ab initio base, at least as far as population analysis in concerned.
The magnification of electronic charge in hydrogen atoms and its decrease in hetero-and carbon atoms may be a consequence of employing an unbalanced basis set [8] . Teixeira-Dias and Murell [11] , though using only hydrogen polarization functions in the CNDO/2 basis set, suggested the necessity of including also polarization d functions for first row atoms in order to overcome this lack of equilibrium.
It is thought that the use of a more balanced basis set with an adequate reparametrization, may correct the anomalous results while preserving the improvements already achieved [14] . Work along this line is in progress.
